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 Base technology development needs on deployment of the optimized flowsheets to maximize the 
benefit of the investment. Technology development can be categorized as close-to-market 
demonstrations needed to deploy baseline technologies, broad-based needs applicable to multiple 
applications, and more speculative technologies that offer the most improvement over the baseline. It 
is anticipated that substantial industry partnering will be needed for close-to-market demonstrations, 
as well as some of the development of broad-based technologies. Design of bench-, experimental-, 
and pilot-scale experiments and facilities should be based on the technology development needs. 

5.1 Technology Development Studies  
This task explores the development of the primary components of the heat transport system. Heat 

transport is divided into three systems: (1) heat transfer from the reactor core to a primary heat exchanger, 
(2) secondary heat transport (via helium or steam as close-to-market applications and other fluids as 
potential process improvements), and (3) deposition of the heat in the industrial processes. Technology 
development efforts are needed for each system. The heat exchanger between the primary reactor coolant 
of an HTGR (helium) at approximately 750C and the secondary heat transfer medium is a critical part of 
the pressure boundary for the reactor. Development and demonstration of this component is key to 
deployment of a first-of-a-kind HTGR. The baseline technology for heat transfer from the primary circuit 
is steam production at approximately 535C, for which technology development needs are limited and 
primarily focus on performance of dissimilar metallic welds. Increasing steam temperatures or hot gases 
used as a secondary fluid increases the complexity of new materials, fabrication methods, and 
components with increasing benefit for process applications in terms of thermal efficiency. 
Demonstration of heat exchangers benefits heat transport in all three systems. 

High temperature material compatibility is a concern for all combinations of heat exchanger 
materials, bonding and fabrication technologies, and coolant chemistries. Developmental studies to 
determine optional configurations need to be performed to explore configurations of heat exchangers (see 
Figure 20) and the associated high temperature material options ranging from conventional (e.g., metallic 
shell and tube) to more advanced and innovative technologies (compact heat exchanger, ceramic heat 
exchanger) in conjunction with candidate transport mediums. Issues related to materials compatibility, 
heat transfer effectiveness, and structural robustness will be studied for the relevant application. Direct 
and indirect gas contact heaters need to be investigated for heat deposition. To facilitate broader 
application and long-distance transport of energy, longer term research is needed to extend the use of 
molten salts from their current applications to temperatures above 600C. The use of electrical power and 
combustion topping cycles also needs to be evaluated. 

 

Figure 20. Examples of high temperature heat exchangers and circulators. 
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Tritium permeation, thermal transients, and water management are cross-cutting issues that will affect 
heat-transport systems and process applications and require integration with planned R&D. Permeation of 
tritium generated in the reactor primary circuit increases with an increasing temperature. While tritium is 
not a significant contributor to the reactor source term, its mobility creates the potential to contaminate 
industrial products, emissions, and discharges. The modeling, development, and demonstration of tritium 
removal systems are required. Because process heating is typically not a steady-state operation, transients 
in heat transfer and thermal inertia will need to be investigated and understood. Water management is 
vital to successful management of the reactor and most potential industrial applications. 

Based on the results of these studies, technology development and test plans will be developed. 
Integrated testing will be conducted in accordance with the plans to investigate component response, 
component reliability, and system behavior in the relevant environment. Small-scale integral testing will 
validate the technology while concurrently supporting the development and demonstration of instruments 
and monitors for process control. 

5.2 Create Component and Pilot-scale Testing Infrastructure  
Bench-, experimental-, and pilot-scale tests are needed to evaluate single-effects and integrated 

system performance of new process-specific heat exchangers, components, and technologies. Such testing 
will validate simulation predictions and demonstrate component performance. Enabling technologies, 
such as demonstration of fabrication and in-service inspection techniques, can typically be demonstrated 
at smaller scales. Short-term and single-effects tests with faster turnarounds and multiple iterations are 
also performed more economically at small scales.  Ongoing and planned activities include: 

 Fabrication support, bench-scale development and testing that integrates the information obtained 
from the materials testing into component proof-of-concept demonstrations 

 Static (or low flow) test rigs that provide single effects testing capability, but lower cost, at 
representative pressures and temperatures 

 Flowing loops that provide experimental-scale demonstrations in a relevant environment. 

Figure 21provides a graphical representation of the test rigs needed to mature current work on 
materials properties and fabrication processes to the point where an individual component is predicted to 
be capable of successful deployment at commercial scale. The Small Pressure Cycling Test Rig 
(SPECTR), Mixed Stream Test Rig (MISTER), and The Ohio State University (OSU) helium loop 
leverage the materials properties and fabrication development work now in progress. These test rigs are in 
design (SPECTR), fabrication (MISTER) or start-up testing (OSU).  

Testing of fabrication methods started with scoping studies on diffusion bonding (the bonding method 
used for most compact heat exchangers) initiated in December 2009 using the INL Gleeble 3800 System 
shown in Figure 22. (The Gleeble System is a general-purpose servo-hydraulic thermo-mechanical testing 
device that can perform physical simulation of metallurgical processes.) 

Diffusion bonding is a slow process with a relatively low applied stress that is well within the 
Gleeble’s capacity, and the digital feedback loops are effective for precise control of the process. The 
Gleeble also provides a vacuum/controlled atmosphere chamber, which is required to control the surface 
oxidation of candidate heat exchanger alloys. Heat is provided by Joule heating of the specimen held in 
water-cooled grips with feedback control provided by an attached thermocouple.  An image of a specimen 
during the diffusion bonding process in the Gleeble System is shown in Figure 22. 
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      Note:   SPECTR is the Small PrEssure Cycling Test Rig 
       MISTER is the MIxed Stream TEst Rig 
 
Figure 21. Heat Transport Component Test Capability required to mature the component technology. 

The diffusion bonding process needs to be further developed and bonding process parameters and 
controls identified, such as mating surface pickling, nickel plating, or a nickel foil interlayer, bond 
temperatures, applied pressure, and hold times.  

Integrated and larger component tests will be performed at larger scales and can provide system 
performance data and demonstration of monitoring and control systems. Long-term and integral tests are 
typically more complex and require more extensive instrumentation and scaling studies. Regardless of the 
scale or length of test, facilities will be designed for flexibility to ensure their continued value for ongoing 
use after the first application is tested.  The first tests planned in SPECTR will be for heat exchanger unit 
cells fabricated with the diffusion bonding parameters developed using the Gleeble System.  Corrosion 
data from MISTER testing and thermal hydraulic data measured with The OSU helium loop will be 
combined with the SPECTR data to develop test plans for integrated testing in a 2 MWt (nominal) loop.  
To complete testing in relevant HTGR conditions, the 2 MWt loop will need the capacity to test at full 
helium temperature and pressure in representative chemistries and scaled flow rates.  This loop is 
expected to perform heat exchanger testing first, but also accommodate other testing of other heat 
transport system components.  Eventually, coupled industrial processes, including hydrogen production, 
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could be demonstrated with this loop.  Instrumentation and controls needed for range of all potential 
testing should be considered in the 2 MWt loop original design.  

 

 

Figure 22. Diffusion bonded specimen in the Gleeble System. 

Long-term testing will provide the reliability data needed to ensure that the system will meet the high 
availability anticipated by the end users and that it can also be performed at small scales. Integrated and 
larger component tests will be performed at larger pilot scales and can provide system performance data 
and demonstration of monitoring and control systems. Long-term and integral tests are typically more 
complex and require more extensive instrumentation and scaling studies. Regardless of the scale or length 
of test, facilities will be designed for flexibility to ensure their continued value for ongoing use after the 
first application is tested.  

Monitoring and control development includes developing sensors/actuators, managing data, and 
demonstrating control systems. A hierarchical modeling and simulation framework is envisioned (see 
Figure 23). Each layer of the hierarchy will be informed by its parent layers and receive appropriate 
process data from the monitoring system. Flexibility for accommodating sensors and actuators with 
different levels of accuracy, precision, intelligence, and operability response would be beneficial for the 
integration of nuclear energy into non-electric applications. Integrated systems of smart sensors must self-
assess plant conditions, regulate process variables, and relay information and knowledge pertaining to 
multiple unit operations. A flexible actuator capability is needed to regulate actions exerted by systems of 
distributed actuators. While secure data acquisition systems based on wired and field bus technologies are 
anticipated, wireless options may also be considered based on their intrinsic flexibility. To best meet 
particular information requirements and constraints, promising information architectures and 
infrastructures need to be investigated for efficient and secure operation. 
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Figure 23. Levels of instrumentation and control development and integration. 

Because the reactor concepts are expected to increase reactor outlet temperatures as they mature, test 
facilities will be designed to accommodate steady-state and operational transients for the higher outlet 
temperatures. It is expected that test priorities will generally consider lower temperature technologies first 
and schedule longer term technology development tests around the lower temperature, close-to-market 
tests. 

Heat-transport and system integration milestones for creating testing infrastructure include: 

 Complete design and fabrication of experimental scale facilities by 2012 

 Complete pilot-scale demonstration, design, and construction in 2013 

 Complete demonstration of pilot-scale plant heat transfer to first industrial process in 2016 (planning 
basis is approximately 2 MWt transferred to a high temperature steam electrolysis model). 

5.3 Develop Modeling Tools and Validate through 
Testing and Demonstration 

Single-effects and pilot-scale component testing is needed to demonstrate new process-specific heat 
exchangers and other components needed to transport heat to the end-user application. Computer models 
for specific processes and heat transport components and systems ranging from the atomistic level to 
macro-scale have been, and will continue to be, developed. Validation of those models through testing 
and demonstrations is needed to deploy integrated heat-transport systems at commercial scale.  

Long-term testing will provide the reliability data needed to ensure the system will meet the high 
availability required by the end users and in some cases required by regulatory and standards 
organizations. Testing is often iterative in that the results identify additional needs or opportunities. Once 
the test systems and experimental facilities are built and operated for the first application, the need for 
additional industrial applications will require their continued operation. 

A high-level schedule of the heat-transport and system integration activities is shown in Figure 24.  
Potential processes have been identified, modeled, and independently reviewed to establish a baseline of 
process configurations that could be deployed with existing technologies. They are being optimized and 
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evaluated to identify where technology development of components and unit operations can provide the 
most improvement. The economic models are being improved by adding flexibility and evaluating 
potential impacts on foreign oil dependence and job creation. A tritium permeation code was developed 
and tritium test data from the HTTR is being obtained to validate the code. A laboratory-scale test rig 
designed to test corrosion in the hydrogen production equipment and dissimilar metal welds is being 
fabricated and a test rig to evaluate small heat exchanger sections is in the design phase. A small helium 
loop at Ohio State University will complete start-up testing this year before conducting thermal hydraulic 
tests of small heat exchanger sections. Testing in all three will commence in FY2011 and build on 
materials properties and fabrication methods research that is already in progress. Work on experimental 
scale facilities—specifically, a helium loop operating at relevant temperatures and pressures with scaled 
flow and chemistry control—has not yet started. A life-cycle estimate and project management plan for 
integral pilot-scale testing of the hydrogen production process was recently completed.  

 

 

Figure 24. Schedule of heat transport activities. 
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6. HYDROGEN PRODUCTION 
Essentially carbon-free production of hydrogen can potentially play a key role in decreasing future 

petroleum imports, relieving the pressure on U.S. natural gas supplies and reducing emissions from 
transportation fuels. Beyond the need for process heat, hydrogen is a vital feedstock in the production of 
ammonia, upgrading of low-grade petroleum, and the production of synthetic transportation fuels, all 
potential end users for HTGR energy.  

6.1 Background and Objectives 
The Nuclear Hydrogen Initiative (NHI) in DOE-NE began in FY2004 to explore and develop 

methods for using the heat and/or electricity of high temperature reactors for the production of hydrogen 
from water. The specific objective of the NHI program was to support the national objectives of emission 
free, domestically based hydrogen, the NHI will develop efficient, large-scale hydrogen production 
methods suitable for use with advanced nuclear reactors.  Based on these objectives, two research 
priorities were established: (1) to develop thermochemical and high-temperature electrolytic hydrogen 
production processes that match the thermal output characteristics of the NGNP to achieve economically 
competitive hydrogen production by 2017 and (2) to develop advanced or alternative processes to the 
baseline cycles to assess the potential for higher efficiency or lower cost options for NGNP by 2017.  

This interest followed an earlier period of research in nuclear hydrogen production in the early 1980s 
during which the fundamental thermo-chemical processes were investigated by General Atomics (GA) in 
San Diego, the Europeans (primarily at the Joint Research Center in Ispra, Italy) and the Japanese, 
primarily at the Japan Atomic Energy Research Agency (JAERI). The start of the NHI followed closely a 
three-year Nuclear Energy Research Initiative (NERI) project which began in 1999 and involved 
researchers at GA, Sandia National Laboratories (SNL) and the University of Kentucky. NERI 
investigated 115 potential thermo-chemical hydrogen production processes against criteria such as the 
number of chemical reactions needed by the process, whether the process requires the handling of solids, 
the maximum temperatures required, the corrosive nature of the intermediate compounds and the 
efficiency of the overall process.  

At the conclusion of the GA-UK NERI study, the researchers ranked the sulfur iodine process as the 
method most promising and potentially most efficient, which was supported by continuing experiments 
that were conducted at JAERI at Oarai on the sulfur-iodine process. The Japanese experiments reached a 
significant milestone in 2004, when a laboratory-scale experiment measuring about 2 m wide, 3.5 m long 
and 3 m high and using laboratory glassware succeeded in producing an average of 35 normal liters of 
hydrogen gas per hour for approximately 170 hours. The primary difficulties in the JAERI experiments 
were corrosion in the sulfuric acid decomposition section and incomplete separations of sulfuric acid, 
hydroiodic acid, and liquid iodine in the Bunsen reaction. 

One of the initial decisions in organizing the NHI was to develop processes that were completely free 
of carbon, in order to avoid any need for ultimate sequestration of the CO2. Therefore, no experiments 
were performed on nuclear-assisted steam methane reforming under the NHI, despite the earlier 
recommendations of an Electric Power Research Institute (EPRI) study in 2003. 

INL researchers submitted a NERI proposal in 2002 for the development of high-temperature 
electrolysis as an alternate method for hydrogen production. Over the next eight years, a series of tests 
starting at very small scale and proceeding to a large integrated demonstration were conducted to 
demonstrate hydrogen production from high temperature electrolysis. INL contracted with Ceramatec of 
Salt Lake City to produce button cells and short stacks and shortly thereafter reported the initial 
successful production of hydrogen at commercially relevant temperatures and current densities. The INL 
High Temperature Electrolysis project and Cermatec conducted button-cell experiments and an early six-
cell stack that produced an average of 28 normal liters (NL) of hydrogen per hour for 1,100 hours. Using 
a slightly larger ten-cell stack, a test stand designed specifically for electrolytic testing, INL achieved a 
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hydrogen production rate of 60 to 90 NL/hr. Using a 25-cell stack, a production rate greater than 100 
NL/hr was sustained for more than 1,000 hours. Ceramatec also tested a half-module consisting of two 
60-cell stacks in a configuration planned for the High Temperature Electrolysis (HTE) Integrated 
Laboratory Scale (ILS) experiment (see Figure 25). The half-module experiment ran for 2,040 hours, 
initially producing 1,200 NL/hr and averaging about 900 NL/hr. For more than 800 hours of the test, the 
half-module operated in the co-electrolysis mode, converting a mixture of CO2 and steam into synthesis 
gas (CO + 2 H2). During the test, the half-module produced sufficient syngas for about 110 gallons of 
diesel fuel, if a Fischer-Tropsch catalyst had been used. The HTE ILS tested three modules, which 
incorporated 720 cells, producing a maximum of 5,650 NL/hr after a total of 1,080 hours of operation. 
However, degradation in the cell production was observed. Based on an experts’ workshop, changes in 
both configurations and materials sets were made. Some of these suggestions were incorporated in a 
subsequent test of a ten-cell stack, which was tested for 2,500 hours during May–September, 2009. This 
ten-cell stack had a degradation rate of 8.2% per 1,000 hours, much better than the best previous test’s 
degradation of 21% per 1,000 hours.  

  

Figure 25. HTE integrated lab-scale experiment (left) and three electrolytic modules (right). 

In parallel with the experimental program, the HTE project performed CFD and flowsheet analyses to 
model both planned experiments and possible commercial hydrogen production plants. The models were 
compared with the results of experiments for validation and insight into cell and stack performance. 
Based on this R&D, high temperature electrolysis (HTE) was demonstrated to be an efficient and modular 
method for producing hydrogen using nuclear energy. 

The development of the sulfur-iodine (S-I) process under the NHI also progressed from bench scale 
experiments to the construction of an ILS experiment. The S-I ILS experiment was a collaboration 
between GA, which built the hydroiodic acid decomposition section, SNL, which built the sulfuric acid 
decomposition section, and the Commissariat à l'Énergie Atomique (CEA) in France, which built the 
Bunsen reaction section, in which the acids are produced from I2, SO2 and water. The three sections were 
tested together at the General Atomics facilities in San Diego.  

Because of difficulties in obtaining components of the required sizes, the three sections were not 
scaled for the same hydrogen production rate. The SNL sulfuric acid decomposition section operated 
several times at 100–300 NL/hr rates, while the redesigned GA hydroiodic acid decomposition section 
operated at 10–75 NL/hr rates.  

6.2 Future Plans 
HTE was recently selected by DOE as the hydrogen generation technology of choice after it was 

recommended by an independent review team18 for use with the planned NGNP based on its maturity and 
ease of integration with nuclear systems. The review team also recommended that HTE R&D “(1) refine 
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the understanding of cell/stack degradation modes and mechanisms, and (2) demonstrate pressurized 
cell/stack operation at a laboratory scale.” The report also recommended evaluation of other alternative 
cell and stack designs. The path forward follows these recommendations and is organized into five major 
issues that must be addressed in the next 10-years and the strategy for resolving each issue.  

6.2.1 Improvements in Cell Performance   

The performance of solid-oxide cells in the electrolytic mode must improve before this technology 
will be ready for commercial application. The strategy will be to focus on development of cells and stacks 
optimized for the electrolysis application. Based upon previous testing experience, the emphasis will shift 
from electrolyte-supported cell designs to advanced electrode- or metal-substrate-supported cell designs. 
The key variables in the cell designs will include cell architecture and the composition and fabrication 
methodology for all cell layers. In this context, an expansion of industrial collaboration is planned with a 
range of cell manufacturers and research institutions.  

6.2.2 Larger Format Cells  

Larger cells will be required in the large-scale nuclear production of hydrogen. The manufacture of 
larger format cells (up to 1 m × 1 m) will require innovative cell designs and fabrication methods. 
Electrode-supported and porous-metal-supported cells show great potential for large-format designs. The 
current state of the art for large-format cells is about 25 × 25 cm, with electrode-supported cells. Several 
large companies and research centers are developing porous-metal-supported cell designs for the fuel-cell 
application, with the electrode and electrolyte layers deposited by thermal spray techniques. These cells 
can achieve very large sizes, up to 1 × 1 m. Work is planned with all potential cell providers in exploring 
the development of large-format cells for electrolysis, based on their respective technologies. 

6.2.3 Pressurized Operation  

Commercial HTE units will have to operate at elevated pressure in order to reduce manifold sizes and 
pumping power for insertion of the hydrogen into a pipeline or fuel synthesis/refining plant. Analyses and 
a design for a pressurized test stand will be developed. Elevated-pressure tests of a multi-cell stack will be 
conducted— probably in 2011—after the previous two issues are successfully addressed. This work is 
required to validate the technology at the component level in a relevant operating environment. 

6.2.4 Scientific Understanding of Electrolytic Operation 

A deeper understanding of the implications of various cell and stack designs on details of cell, stack, 
and overall system performance is needed to complement the basic CFD and system analysis capability. 
These insights will be gained using advanced post-test examination methods for evaluating degradation 
mechanisms. The combined physical and numerical analysis will lead to optimized multi-cell and 
multi-stack manifolding and electrical interconnections. 

6.2.5 Needs for Engineering Data for HTGR Design 

HTE analyses and experiments must be coordinated with the needs for HTE-specific design data by 
the HTGR engineering teams. These design data needs for HTE have been identified and are being 
incorporated into a database. The specific parameters and their identified uncertainties will guide the 
design and operation of HTE experiments and their associated analyses. These data needs may need 
modification in the future to address the results of the ongoing engineering designs. 

6.3 Plans for Hydrogen Production Demonstration by NGNP 
Beyond the near term activities described above, in the longer term, plans exist to develop hydrogen 

production capability for the NGNP. The approach to the development of HTE has been and will continue 
to be an emphasis on modularity and progressively larger sizes and operating durations.  The next step in 
that development, to occur in 2013 - 2015, will be the operation of a pressurized high temperature 
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electrolyser, first as a ten-cell stack and progressing to a 200 kWe multi-module experiment operating at 3 
to 5 MPa.   

The first HTE unit to be driven by the NGNP, in about 2019, will be the Engineering Demo, with size 
of 1 to 5 MWe.  The Demo will operate at 3-5 MPa and 800° C will heat recuperation to allow lower 
steam input temperatures.  The Demo units will have progressively more cells and multiple stacks, 
concluding with a unit having two stacks of 1,250 cells each, a total power of 5 MWe, a terminal voltage 
of 1,600 VDC and a working pressure of 5 MPa.  The planned commercial unit would have four stacks 
and a module power of 9.6 MWe.  The commercial plant would contain 32 of the 9.6 MWe units for a 
total output of 160 t of hydrogen per day, The commercial units would thus be truck-transportable and 
capable of stack repair while the other units remain operating.   

The schedule for the hydrogen production research is shown in Figure 26. 

 

Figure 26. Hydrogen production research schedule.  
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7. INTERNATIONAL INTEREST IN HIGH TEMPERATURE GAS 
REACTORS 

Following the development of the Generation IV roadmap, the following countries expressed interest 
in pursuing aspects of HTGR technology with the United States as part of the Generation IV gas reactor 
project arrangement: China, Japan, Korea, EU, France, South Africa, England and Canada.  As time has 
evolved, interests in the different countries have changed as national priorities have shifted. The following 
summarizes the current status/interest of HTGR technology worldwide. 

7.1 China  
China has an active gas reactor program with a 10 MWt pebble bed, HTR-10, at INET north of 

Beijing, operated by Tsinghua University.  They are currently planning for deployment of a number of 
high temperature gas reactors to produce electricity under their HTR-PM project.  The design 
incorporates two 250 MWt pebble bed reactors based on the German HTR-Modul design feeding a 200 
MWe steam turbine-generator. The site for the first HTR-PM has been cleared and prepared for pouring 
of concrete, which is anticipated soon. They have only recently gained approval to join the Generation IV 
project arrangement and based on recent discussions with the Chinese at the INL we anticipate 
collaboration in that venue in the future. 

7.2 Japan   
The 30 MWt High Temperature Test Reactor (HTTR) is one of two currently operating HTGR test 

reactors. It has been performing a variety of tests and operational transients to support international efforts 
including the NGNP project.  Japan has produced a conceptual design of a power reactor, GTHTR300, a 
600 MWt/280 MWe prismatic HTGR designed to produce hydrogen, steam and electricity.  Nationally, 
Japan is focusing most of its R&D advanced reactor resources on fast reactors. Japanese participation in 
the Generation IV high temperature gas reactor project arrangement is at a minimal level in light of 
current nuclear energy R&D budget priorities. 

7.3 France   
The French were initially very active in high temperature gas cooled reactor technology based on the 

ANTARES prismatic reactor design (a 600 MWt prismatic) and still lead the international activities under 
the Generation IV project arrangement.  They have also supplied fuel for the AGR-2 irradiation currently 
underway at INL.  However, recent changes in priorities in France have focused all efforts on sodium fast 
reactor technology leading to the design and construction of a new fast reactor.  They have requested that 
all collaborative tasks under the Generation IV gas reactor project arrangement be put in an indefinite 
status pending additional clarification from their government. 

7.4 European Union (EU)   
The Europeans have contributed significantly to worldwide gas reactor technology development 

under the RAFAEL framework. That framework recently ended and a new proposal for follow-on R&D 
work is currently under review by the EU ministry in Brussels.  The Europeans have recently established 
a project called EUROPAIRS to understand end user needs for process heat, electricity, hot gas and 
hydrogen, similar to that done in the U.S. by the NGNP project.  The U.S. participates in the 
EUROPAIRS meetings.  They are about 2 years behind the U.S. effort. 
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7.5 IAEA   
The IAEA has conducted a Coordinated Research Project (CRP) on HTGR fuel technology, with 

documentation of results in the form of a TECDOC expected to be completed in 2010. A follow-on CRP 
is under discussion. 

7.6 Korea  
Initially, Korea had a very aggressive program to deploy gas cooled reactors.  However, over the past 

few years, the program has been scaled back to one of technology development with a decision on 
deployment delayed until the technology is more developed.  They have an ongoing technology 
development program with emphasis on development of coated particle fuel technology.  They have been 
active participants in the Generation IV project arrangement. 

7.7 South Africa   
South Africa had a large and very vigorous reactor development and deployment project as part of the 

Pebble Bed Modular Reactor (PBMR) project, with over 800 personnel contributing to the project.  They 
have also supplied fuel for the AGR-2 irradiation currently underway at INL.  Significant hydraulic 
testing and fuel fabrication facilities were developed as part of the PBMR project.  Financial troubles in 
the country have changed the priorities of the South African government with only a skeletal team of 
about 25 individuals remaining in the project. 

7.8 Russia   
The U.S. (NNSA) and Russia have been co-funding the development of a variation of the Gas 

Turbine – Modular Helium Reactor (GT-MHR) for consumption of weapons plutonium and production of 
electricity.  The FY2011 NNSA budget includes $5 million for the GT-MHR as the U.S. contribution. 

7.9 India   
The Indians are working on a high temperature reactor that is different than the helium-cooled 

graphite moderated modular reactors under development in the rest of the world.  The Indian design uses 
TRISO fuel particles, is cooled by lead and uses refractory alloys for key structural components.  The 
effort is still at a very early stage of development. 

7.10 Canada and England   
Both countries expressed interest in HTGR technology but today are only observers in the Generation 

IV gas reactor project arrangement because of each countries focus on their existing reactor industry.  
England continues to contribute expertise through the EU membership in Generation IV. 

7.11 Results from Generation IV and Other Collaborative Umbrellas 
Much of the R&D being performed for NGNP is being offered under the Generation IV International 

Forum multilateral collaboration auspices. NGNP R&D staff are actively engaged in project management 
boards (the collaboration vehicle) in the areas of (a) fuel and fuel cycle, (b) materials (both metals and 
graphite), (c) computational methods, and (d) hydrogen. Under this multilateral framework, R&D being 
done in Europe, Asia, and South Africa is available to DOE and the NGNP project, offsetting some of the 
needed technology development for NGNP and supplementing the near-term NGNP R&D with longer 
term technology development for the VHTR. These countries also get access to the data and analyses 
being conducted for the DOE NGNP project. Detailed project plans are established annually (and in some 
cases biannually) to establish milestones, discuss/evaluate technical results, and track execution of the 
work.  
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A bilaterial collaboration exists with HTTR in Japan (a similar bilateral collaboration is also planned 
for HTR-10 in China) to obtain unique operational data from an operating prismatic reactor. For example, 
testing has been conducted at HTTR to measure tritium permeation through the heat-transport equipment 
as a function of outlet temperature (between 800 and 950°C). Operational and design data that is not 
currently available in the public domain are also part of the collaboration. These data are very valuable to 
both the reactor designer and the code analyst for V&V purposes. 

Examples of important data being obtained from the Generation IV collaboration include: 

 Irradiation (in tests EU-1 and EU-1bis) and accident safety testing of German UO2 pebbles to better 
understand the margins associated with the fuel form from Europe 

 Material properties of irradiated coated particle layers in the PYCASSO-I and -II irradiations in 
Europe using samples from Korea and Japan 

 Graphite irradiation response data for new grades of graphite from the European graphite irradiation 
program 

 New analysis methods for developing constitutive models for creep-fatigue behavior 

 Creep characterization of Alloy 617 in helium 

 Heavy section welding and stress relief practices for 200-mm-thick SA 508/533 pressure vessel steel. 
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